Background Symptom intensity and magnitude of limitations correlate with stress, distress, and less effective coping strategies. It is unclear if interventions to target these factors can be used to improve outcomes after distal radius fracture in either the short-or longer term. Questions/purposes (1) Are there any factors (including the use of a workbook aimed at optimizing psychological response to injury, demographic, radiographic, medical, or psychosocial) associated with improved Disabilities of the Arm, Shoulder and Hand (DASH) and Numerical Rating Scale pain (NRS pain) scores at 6 weeks after management of distal radius fracture? (2) Are any of these factors associated with improved DASH and NRS pain scores at 6 months after management of distal radius fracture?
Methods We conducted a double-blind randomized controlled trial comparing a workbook designed to optimize rehabilitation by improving psychological response to injury using recognized psychological techniques (the LEARN technique and goal setting) versus a workbook containing details of stretching exercises in the otherwise routine management of distal radius fracture. Patients older than 18 years of age with an isolated distal radius fracture were recruited within 3 weeks of injury from a single academic teaching hospital between March and August 2016. During recruitment, 191 patients who met the inclusion criteria were approached; 52 (27%) declined participation and 139 were enrolled. Eight patients (6%) were lost to followup by 6 weeks. The remaining cohort of 129 patients
Introduction
Distal radius fracture is a common injury. The majority of people recover well but a proportion have ongoing pain, stiffness, and functional limitation. Associations between these functional outcomes and injury characteristics, treatment methods, and radiographic outcomes are inconsistent. A deformed wrist is not always painful, stiff, and functionally limiting.
Patient stress, distress, and suboptimal coping strategies are associated with greater symptom intensity and magnitude of limitations in a variety of health conditions. Interventions that target psychologic factors improve outcomes for back pain, osteoarthritis, and myocardial infarction [7, 8, 19, 25, 45, 54] . However, the evidence regarding psychologic interventions after acute injury is limited.
The effectiveness of psychologic interventions is primarily mediated by their influence on self-efficacy: an individual's confidence in their ability to perform a given behavior (eg, engagement with rehabilitation, performance of exercises, use of their arm, etc). Increased self-efficacy is associated with improved pain, disability, and functional outcome in a number of musculoskeletal conditions [14, 38, 46, 59] . The LEARN approach describes a stepwise method to affect change in self-efficacy: LEARN: L = learn exercise/activity; E = encourage or cue; A = address unpleasant symptoms; R = reinforcement from other's experience/role model; and n = negate disability (say no to inability/promote confidence and a positive mindset; Fig. 1 ). It has been suggested as a template for developing interventions for use in distal radius fracture [15] .
There is potential for interventions that target psychologic factors such as self-efficacy to supplement routine orthopaedic care and improve outcomes. We developed and tested a psychologic workbook, which encompassed the LEARN approach, to supplement routine treatment of distal radius fractures in a fracture clinic setting. We wanted to assess the impact of such intervention on both short-and longer term recovery.
Study Questions
(1) Are there any factors (including the use of a workbook aimed at optimizing psychological response to injury, demographic, radiographic, medical, or psychosocial) associated with improved Disabilities of the Arm, Shoulder and Hand (DASH) and Numerical Rating Scale pain (NRS pain) scores at 6 weeks after management of distal radius fracture? (2) Are any of these factors associated with improved DASH and NRS pain scores at 6 months after management of distal radius fracture?
Patients and Methods
We conducted a double-blind randomized controlled trial comparing a psychologic workbook with an information-only workbook in the otherwise routine treatment of distal radius fracture. Patients were recruited from a single academic teaching hospital between March 2016 and August 2016 and followed up at 6 weeks and 6 months. The study population was inclusive because the treating hospital is the sole provider of orthopaedic care for the region. Ethical and clinical trial committees approved and authorized the work.
Patients with distal radius fracture were identified on presentation to the orthopaedic clinic. Diagnosis was made based on the presence of disruption of cortical bone in the distal one-third of the radius on radiographs of the wrist. The inclusion criteria were age 18 years and older; patients with isolated distal radius fracture undergoing management with manipulation and cast/cast alone/operative management; and recruitment within 3 weeks of injury. Exclusion criteria were cognitive impairment preventing informed consent or completion of questionnaires; non-Englishspeaking; open fracture; temporary residents unable to attend followup; patients with multiple fractures; undertaking injury compensation proceedings; illicit drug use; and a psychiatric diagnosis resulting in psychosis.
Fracture treatment was in line with hospital policy and independent from the study. After randomization, the patient was given a workbook and instructed on how to use it. Randomization was stratified based on age (older than 65 years:65 years and younger), gender (male:female), and treatment (operative:nonoperative). Patients were assigned to a group (A-H) based on these three criteria. Block randomization was then carried out within each group using a computer-generated sequence.
Study Intervention: Psychologic Workbook
The psychologic workbook was designed using the LEARN approach to change beliefs and behavior by improving self-efficacy (Fig. 1) . The workbook comprised two parts: an information section and a goal diary. The book described exercises and activities that patients could undertake from the time of injury (L: learn exercises/ activities). A progress diary was used to encourage progress (E: encourage and cue). Information regarding expectations, healthy eating, stretching exercises, pain management, stress reduction, and improving sleep was used to address unpleasant symptoms (A: address unpleasant symptoms) and was reinforced by describing the experiences of fictional patients in vignettes (R: reinforcement/role models). The book aimed to negate disability (N: negate disability) by using activities to focus on what individual patients were able to do rather than their activity limitations. Pain was normalized and safe movement encouraged at every opportunity.
The goal diary was designed to engage patients with all five components of the LEARN model through the inclusion of specific behavior change techniques [35] . It asked patients to set and write down three personal recovery goals specific to their lifestyle that they would work toward over a 6-week period. It then took the patient through planning a step-by-step approach to achieving these goals by utilizing learned activities described in the instructional book. It facilitated a weekly review of progress and allowed modification of the strategy if required.
Study Control: Information-only Workbook
Patients randomized into the control group received an information-only workbook. The information-only workbook contained details of a number of hand and wrist stretching exercises and advised the patient to begin work on these three times per day as soon as they felt able. Of note, these exercises were also included in the psychologic workbook. Both the psychologic intervention workbook and the information-only control workbook had matching covers to aid in blinding. Both treatment groups followed the same followup schedule and the guidelines for clinical care were the same in each group.
Patient Assessment and Outcome Measures
Demographic details, medical and psychiatric history, baseline radiographic parameters (radiocarpal alignment, dorsal tilt, radial shortening), injury and treatment characteristics, and psychologic scores (General Self- Six weeks after injury radiographic parameters, GSES, and patient-reported outcome measures (DASH score, NRS pain score, and SF-12) were measured.
Six months after injury, we measured wrist and finger motion and grip strength, recorded adverse events, and repeated GSES and outcome measures.
All measurements were taken by researchers not involved in the routine management of these patients and blinded to patient treatment group.
Assessment Tools
The GSES is a widely used 10-item measure of selfefficacy. Each item is scored from 1 to 4 giving a total score between 10 and 40 (10 low:40 high). It is used to assess self-confidence in ability to cope with difficult situations (perceived self-efficacy) [23, 48] .
The PCS [50] is a 13-item measure of catastrophic thinking. Each item asks about the degree of agreement with a statement representative of catastrophic thinking; each item is scored 0 to 4, giving a total score between 0 and 52. Higher scores reflect higher levels of catastrophic thinking.
The TSK [27] is a 17-item measure of fear of movement associated with pain or reinjury. Each item is scored between 1 and 4, giving a scale range of 17 to 68; higher scores represent greater fear avoidance behavior.
Depression and anxiety were measured separately by the 14-item HADS [60] . Seven items measure each of depression and anxiety; items are scored 0 to 3, generating a total score between 0 and 21 for each (higher scores indicating more anxiety and depression). The HADS is designed to measure both facets of mood free from confounding with somatic symptoms.
The PCL-C is a 17-item measure of posttraumatic stress disorder (PTSD) symptoms based on the Diagnostic and Statistical Manual of Mental Disorders, 4th Edition. Each question has five response options rated 1 to 5 giving a total score between 17 (low) and 85 (high). It is commonly used, valid, and reliable [13, 20] . To diagnose PTSD, symptoms must persist for > 3 months, but in the acute setting, the PCL-C can be used as an indicator of psychologic distress.
The IPQR is a nine-item measure of a patient's perceptions of their illness/injury. Each item is assessed with a number of questions and is scored individually (Table 1 ) [29] .
The RLOC is designed to evaluate an individual's beliefs about the control they have over recovery from a traumatic event [44] . It is comprised of nine items each scored 1 to 5, giving a total score range of 9 (high external locus) to 45 (high internal locus). "High external locus" refers to a belief that recovery is dependent on external factors with the patient's own control in contrast to "high Volume 476, Number 4
Psychologic Workbook After Distal Radius RCTinternal locus," which refers to a mindset in which patients believe they have control over the recovery from and outcome of their injury. All scores used have been shown to be reliable and valid in populations similar to ours [2, 9, 17, 18, 22, 32, 36, 37, 41, 43, 43, 44, 51, 55] . The DASH score is responsive, reliable, and valid in patients with distal radius fracture and is widely used to assess outcomes in this group [26, 32] . It comprises 30 questions converted to a score out of 100 with a higher score representing greater disability [10, 21] . The NRS pain score was used to assess average pain intensity over the preceding week measured on an 11-point Likert scale from 0 (no pain) to 10 (worst pain imaginable).
All radiographic assessment was carried out by a single member of the research team (SG) using a picture archiving and communication system (Carestream, Version 11.40.1253; Carestream Health, Rochester, NY, USA). Posteroanterior (PA) and lateral radiographs of the wrist were taken in the standard manner. Carpal alignment was assessed on the lateral view by drawing a line along the long axis of the capitate and another along the long axis of the radius. If the lines intersected within the carpus, then radiocarpal alignment was maintained [34] . Ulnar variance (used as a measure of radial shortening) was measured on the PA view as the distance between two lines perpendicular to the long axis of the radius, one at the level of the radial articular surface and another at the distal end of the ulna [39] . Tilt was measured on the lateral view as the angle between a line perpendicular to the long axis of the radius and a line joining the most distal points of the volar and dorsal lips of the distal radius. Dorsal tilt was recorded as positive values and volar tilt as negative values [39] . Grip strength on both the injured and uninjured sides was measured in kilograms with a standard, adjustable handle Jamar dynamometer (Sammons Preston Rolyan, Bolingbrook, IL, USA) set to the second rung position, the optimal setting for measuring grip strength with this instrument [53] , the elbow at 90°flexion, and the forearm in neutral rotation. The mean of three recordings was calculated and recorded as a percentage deficit relative to the strength of the contralateral hand. The deficit was adjusted to allow for dominance with a 10% increase in grip strength assumed for the dominant hand. The distance from the index fingernail tip to the palmar skin crease during maximal flexion was measured with a ruler in millimeters.
Patients
During recruitment, 191 patients who met the inclusion criteria were approached; 52 (27%) declined participation and 139 were enrolled. All 74 (100%) patients randomized to the psychologic workbook and 63 of 65 (97%) of patients randomized to the information-only workbook were given allocated treatment. Eight patients (6%) were lost to followup by 6 weeks. The remaining cohort of 129 patients was included in the analysis (66 in the psychologic workbook group and 63 in the information-only workbook group; Fig. 2 ). Demographics, injury and radiographic characteristics, treatment details, and enrollment psychologic scores in each treatment group were similar (Tables 2, 3 ). The enrollment psychologic scores of our study population were better than recognized population normal values (Table 3) .
Statistical Analysis
The primary outcome measure was the DASH score. In a pilot study of 60 patients with distal radius fracture who were evaluated 8 weeks after injury, mean DASH score was 29 (SD 19) . A sample size of 126 was estimated to provide power (90%) to identify a minimum difference between the psychologic workbook and the informationonly workbook of 10 points (the recognized minimal clinically significant difference in DASH) with a set at 0.05. We anticipated a dropout rate of 10% and therefore aimed to enroll 139 patients.
Descriptive statistics were used to present demographic, comorbidity, injury, treatment, radiographic, and enrollment psychologic characteristics. We adhered to intentionto-treat principles. The response variables were DASH score and NRS pain score at 6 weeks and 6 months and grip strength at 6 months. The explanatory variables were age; number of medical comorbidities; Scottish Index of Multiple Deprivation quintile; injury to the dominant side; AO-OTA fracture group (A, B, or C); nerve injury; radiographic alignment at 6 weeks (radiocarpal alignment, radial shortening, dorsal tilt); surgical or nonoperative management; time to presentation and followup; psychologic measures (HADS, PCS, TSK, PCL-C, GSES, IPQR personal control, IPQR emotion, and RLOC); and workbook assignment. In bivariate analysis, outcomes were compared using median scores and Mann-Whitney U tests for nonparametric data and mean scores and independentsample t-tests for parametric data. Missing data were completed with mean imputation. Spearman correlations, Mann-Whitney U tests, and Kruskal-Wallis tests were used for nonparametric data and Pearson correlations, t-tests, and analysis of variance for parametric data. Factors with p < 0.1 in bivariate analysis were entered into multivariable linear regression models to determine factors independently associated with each response variable. Where there was a correlation of > 0.7 between factors, the least clinically relevant was dropped from the model. We created three subgroups of patients based on recognized threshold scores on the enrollment psychologic scores (GSES < cohort median -1 interquartile range, PCS > 16, HADS depression $ 8). (Table 4) . However, improved DASH scores were associated with less radial Table 6) .
Results

Six
GSES did not differ between treatment groups at any time point (Table 7) . As a result of the small number of cases in each subgroup, this could not be statistically analyzed.
Discussion
Self-efficacy is associated with recovery after acute orthopaedic trauma [4, 5, 11] . Psychologic interventions to teach effective coping strategies and change perceptions are associated with increased self-efficacy [33, 54] and reduced disability in musculoskeletal conditions [33] . This study represents an attempt to improve outcomes after fracture of the distal radius by bolstering self-efficacy using a LEARN approach [15] . We found that the use of a psychological workbook in addition to routine treatment of distal radius fracture did not reduce disability or symptom intensity compared with an information-only workbook in an inclusive cohort of patients with distal radius fracture whose baseline level of psychological distress was generally low. This study had a number of limitations. First, patients were only followed up for 6 months. Patients can continue to improve for a year after injury, but we focused on early recovery because level of disability is most varied in this time period. Second, for unclear reasons, the psychologic workbook group had more patients from higher socioeconomic quintiles (less social deprivation) and more patients with a preinjury diagnosis of anxiety and depression. Stratified randomization was used to evenly distribute treatment type, age, and gender between the two treatment groups. Third, results should be extrapolated to other trauma populations with caution. The association among fracture site, injury severity, and psychological response to injury is unclear [3, 49, 56] . Psychological response may vary between patient groups with different fractures and severity of injury; thus, the utility of a psychological intervention may differ in these patient groups. Finally, we did not quantify engagement (how much time patients spent using workbooks); this was because this was an effectiveness rather than efficacy trial (the aim was to assess the intervention in a "real" fracture clinic setting rather than under "ideal" test conditions).
The use of a psychological workbook did not reduce short-term (6-week) disability or symptom intensity after distal radius fracture. The enrollment factors associated with outcome at this time point were radial shortening and dorsal tilt at 6 weeks and nonoperative management and level of psychological distress at enrollment. The limited associations between psychological factors and function and absence of improvement with the psychological workbook were unexpected in the context of other work. Prior studies found correlations of magnitude of limitations and symptom intensity with psychologic factors among patients recovering from distal radius fracture [30, 47] . There is work demonstrating that psychologic response to acute injury can be modified [28] and that goal-setting exercises can be effective [16] . A recent pilot randomized controlled trial in patients with acute musculoskeletal trauma demonstrated that disability, pain, and psychologic response to injury could be improved with psychological intervention [58] . This study differed from ours in a number of ways. The intervention in the pilot study was delivered face to face rather than in a workbook. However, there is evidence that interventions delivered remotely can be effective [8, 24] . Being a pilot study, it was underpowered; it also had a high attrition rate (50%) in the control group, which did not have a placebo intervention. Most importantly, the pilot study only included patients with high enrollment levels of depression and pain anxiety, whereas our study did not set inclusion criteria based on enrollment psychologic scores. Studies of psychological intervention in patients with back pain have shown that intervention is most effective in patients with poorer coping strategies [19, 25, 31] . Perhaps the psychological intervention would have been more effective if targeted to patients with relatively low self-efficacy or high levels of stress or distress. The association between surgical management and increased pain at 6 weeks is surprising because regardless of treatment method, the fracture should have united by this time and in the case of surgical management, the surgical wounds should have healed, creating a similar biomedical environment in both cases. The use of a psychological workbook did not reduce longer term (6-month) disability or symptom intensity after distal radius fracture. The only enrollment factors associated with level of disability at this time were psychological distress and number of underlying medical comorbidities and the only factors associated with symptom intensity were kinesophobia, psychological distress, and number of underlying medical comorbidities. In a study of a mixed trauma population, high catastrophic thinking rather than psychologic distress was associated with higher disability at this time [57] . In other cohorts of patients who have undergone orthopaedic trauma, associations between psychologic distress and pain have been demonstrated [12] , but fear and anxiety constructs (TSK) have been associated with disability rather than pain [57] . These results suggest that as time from injury increases, the influence of unrelated medical problems and psychosocial factors increases. It also highlights the difficulty identifying one single psychological scoring system that can reproducibly be associated with outcome that could be used to screen for patients with a negative response to injury. Our study demonstrates that there is no benefit from the untargeted use of a psychological workbook based on the 
